Abstract: Different from the conventional gas reservoir, coalbed methane is developed mainly by water drainage, which leads methane desorption after reservoir pressure drop. Water drainage at a reasonable speed in the early development stage is the key for enhancing later gas performance. Therefore, the investigation radius, which reflects the pressure drop region scale, is studied by deconvolution well-test to find the reasonable water drainage speed in the early period. First, the early production data (well-bottom pressure and water rate) are processed by deconvolution algorithm, and then the pressure data under unit rate is obtained to invert the comprehensive reservoir permeability and investigation radius. This deconvolution method can save the cost of the conventional well-test, and avoid reservoir damage caused by frequent well shut-off. The feasibility of the deconvolution test method is verified by comparing its interpretation results with those of the conventional pressure drop/build-up test. For a field application, the 29 wells' comprehensive permeability are inverted by the deconvolution well-test using early water production data of Hancheng block. Furthermore, their investigation radius and pressure drawdown gradient are calculated, and the performance optimization is determined by relationship analysis between working fluid level and steady gas production rate. We find that well-bottom pressure and reservoir pressure should decrease steadily in the early development stage, with the working fluid level declining less than 1 m/d (1 m per day) in wellbore, and the pressure drawdown gradient declining less than 2.8 MPa/100 m.
Introduction
Different from the conventional gas reservoirs, the coalbed methane (CBM) reservoir is developed mainly by dewatering, which leads to methane desorption after reservoir depressurizing [1] . When the pressure decreases to the critical desorption pressure, the methane will desorb from the coalbed matrix. The whole production process contains several stages, and the effective flow permeability is very different in each different stage [2] . Especially the water/gas rate, bottom hole pressure (BHP) and casing pressure change variously. Due to a lack of reasonable production strategies, the performance of CBM wells is quite imbalanced. The key problems are how to control the pressure drawdown of CBM wells at different production stages, as well as how to improve the performance. Pressure drawdown is the differential displacement pressure which helps to drive methane from a reservoir into the wellbore. Surface chokes and dewatering limits are conducive to controlling working fluid level (WFL) and the pressure drawdown, which can be effectively utilized to produce methane and avoid the damage caused by coal powder.
The stress variation after hydraulic fracturing is analyzed in the coalbed, and the influencing factors of gas performance are studied [3] . Afterward, the model of multi-well pressure drawdown funnel is constructed at the initial gas production stage based on radial flow theory and the superposition method. In this model, the governing factors are identified [4] . The performances of CBM wells are analyzed in Fanzhuang and Hancheng blocks with high and medium coal ranks, and perforate thickness, perforate layers, drainage technologies, stimulated measures are considered [5] . Also, the production modes and controlling factors are studied by statistical analysis of field production data [6] . Then the progressive production systems of multi-layer coalbed methane are explored [7] .
The gas production mechanisms and pressure control system are researched by desorbing flow experiments [8] . The desorbed area and pressure drawdown funnel are calculated by finite element numerical methods [9] . Using multiple numerical methods, the development process of the CBM is simulated, with the main factors influencing the performance analyzed from in situ stress field, regional geological tectonic features and sedimentary environment. However, these studies above are mainly focused on CBM production data analysis, flow experiments and numerical modeling, and are also restricted to qualitative controlling strategies of performance optimization. Reservoir permeability changing at different stages is neglected, and there is a lack of more profound interpretation and information mining for the production data. Especially, quantified pressure drawdown and flow rate controlling strategies have not been well studied. Recently, the steady problems of well-test deconvolution methods are solved [10] [11] [12] ; hence, the dynamic data of practical production can be used for well-test interpretation. Well-test is one of the main techniques used in the oil and gas industry to assess well performance and characterize reservoirs. Well-test measures the dynamic reservoir behavior in response to changing flow conditions at the well. The dynamic response of the well pressure to a change in rate is dependent on reservoir and well properties [13] . Hence, studying the dynamic pressure behavior in response to an appropriately designed sequence of well rate changes provides a way to evaluate some of these properties. This technique historically has been used for evaluation of formation permeability, large-scale reservoir heterogeneities, boundaries, reservoir connectivity and well productivity [14] . Cheng et al. (2005) [15] presented a deconvolution technique based on a fast Fourier transform algorithm. With the technique, we can deconvolve "noisy" pressure and rate data from drawdown and buildup tests dominated by wellbore storage. The wellbore-storage coefficient can be variable in the general case. In cases with no rate measurements, we use a "blind" deconvolution method to restore the pressure response free of wellbore-storage effects. Permanent downhole measurements provide "well test" data in abundance, but their behaviour often reflects the erratic environment of everyday well operations rather than the more sterile conditions typical of a traditional well test. Consequently, processing and interpretation demand an increased level of sophistication. The present effort combines a TLS approach with regularization based on a discrete wavelet transform [16] . Another robust algorithm for the pressure/rate deconvolution problem, described by Duhamel's convolution integral, which is a first-kind linear Volterra integral equation, has been developed by Pimonov (2009) [17] . Onur and Kuchuk (2012) [18] presented a new deconvolution method that removed the dependency of the deconvolved constant rate drawdown responses on the initial reservoir pressure. It is well known that the late-time periods in particular of the deconvolved responses from the recent pressure rate deconvolution methods are dependent on the initial reservoir pressure . A small error in the initial reservoir pressure could make a significant difference in the late time periods of the deconvolved responses that can lead to an incorrect interpretation model, particularly misinterpretation of the boundaries. The method presented above is based on pressure derivative data rather than pressure data that are used in all published deconvolution algorithms [19] [20] [21] . Using pressure derivative data in deconvolution leads to a nonlinear least-squares objective function that is different from those used in the earlier deconvolution methods and eliminates the dependency of the deconvolved responses on the initial reservoir pressure.
As a consequence, an improved well-test deconvolution method is applied in this paper, and then the investigation radius and pressure drawdown gradient (PDG, i.e., the ratio of BHP drawdown with investigation radius) can be calculated by the reservoir parameters interpreted at every stage. Combined with production data of the Hancheng CBM block, the reasonable limits of WFL decline velocity and reservoir PDG are given.
The Division of Production Stages
Due to the specificity of CBM, methane desorption and water drainage should be considered. Thus, the whole production process is divided into four stages: water drainage stage, gas rate rising stage, steady gas production stage and gas rate decline stage [22, 23] . As shown in Figure 1 , CBM wells only produce water in the initial water drainage stage for 0.5-1.5 year, with high water rate and remarkable fluctuation. Therefore, the WFL and BHP decline very quickly. When the coalbed reservoir pressure around one CBM well falls to the critical desorption pressure, it means the process enters the gas rate rising stage. CBM wells begin to produce gas, during which the gas rate may increase first and then decline; the drawdown of WFL and BHP becomes slower than the initial stage; the gas/water rates show a steady trend at the end of this stage. Then it comes to the steady gas production stage, in which the water rate becomes very low, and the WFL and BHP keep steady or have little drawdown sometimes. If the pressure drawdown funnel and desorption area develop to a large enough extent, it will lead to a long time stabilized production. When the gas rate declines continuously, the production turns into the decline stage, in which the pressure drawdown funnel and desorption area do not enlarge anymore.
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Deconvolution of Well-Test for CBM Wells
The water rate cannot keep constant during the whole process of the well-test. Therefore, for the well-test data, the measured BHP corresponds to the variable production rate during the whole time. However, it is well known that the reservoir models for the well-test analysis commonly have the inner boundary conditions with a constant water/gas rate. To conquer the inconsistency, in reality, a pressure build-up testing at the well shut-in stage has been widely applied in reservoir engineering. Nevertheless, the investigation radius is short just for the shut-in stage although the well-test interpretation for the pressure buildup data can help to offer reliable results due to the less production rate measurement uncertainties. To make use of the well-test data corresponding to the variable production rate at the whole production time, the deconvolution well-test is introduced by researchers. Wellbore pressure transient response under constant unit water/gas rate can be given by deconvolution, and there will be less error caused by incomplete production data. So this paper proposes the well-test deconvolution method for CBM wells, and the investigation radius can be calculated by the comprehensive permeability inverted. 
The water rate cannot keep constant during the whole process of the well-test. Therefore, for the well-test data, the measured BHP corresponds to the variable production rate during the whole time. However, it is well known that the reservoir models for the well-test analysis commonly have the inner boundary conditions with a constant water/gas rate. To conquer the inconsistency, in reality, a pressure build-up testing at the well shut-in stage has been widely applied in reservoir engineering. Nevertheless, the investigation radius is short just for the shut-in stage although the well-test interpretation for the pressure buildup data can help to offer reliable results due to the less production rate measurement uncertainties. To make use of the well-test data corresponding to the variable production rate at the whole production time, the deconvolution well-test is introduced by researchers. Wellbore pressure transient response under constant unit water/gas rate can be given by deconvolution, and there will be less error caused by incomplete production data. So this paper proposes the well-test deconvolution method for CBM wells, and the investigation radius can be calculated by the comprehensive permeability inverted.
Improvement of Deconvolution Algorithm
Assuming that the coalbed is incompressible, and the porosity, permeability and formation compressibility do not change over time; the coalbed is horizontal and isothermal with equal thickness, and there does not exist gas-water two-phase quality exchange. The effects of gravity and capillary force are ignorable. According to the pressure and production data of CBM wells, the original pressure can be regarded as convolution, and the rate is a function to construct the convolution equation, as shown in Equation (1) . The other function in this convolution equation can be obtained by deconvolution, and then the well-test interpretation diagnosis curve (pressure and its derivation double logarithmic curve) can be given.
where p is the wellbore pressure corresponding to variable production rate, t is the time, q is the variable production rate, τ is a variable for the integral, u is the convolution pressure mark. Previous deconvolution algorithms based on B-splines are much easier to be understood and programmed for academic researchers and engineers. However, due to the use of a linear regularization, their stability is weaker than that of the commonly used von Schroeter et al.'s deconvolution algorithm [11, 12] in which a nonlinear regularization is used; the linear regularization can make the deconvolution algorithms less tolerant to data errors. Good stability for the deconvolution algorithms is very important in order to make deconvolution a viable tool for well-test analysis. To improve the stability of the deconvolution algorithms based on B-splines, a nonlinear regularization by minimizing the curvature of pressure derivative response, as used in von Schroeter et al.'s algorithm [11, 12] , is appended instead of the linear regularization [24] . A spline function can be represented by the linear combination of B-spline functions. If the knots are set, the generation of B-splines is easy due to their intrinsic recurrence relation. The knots are distributed logarithmically, as follows [25] :
where b is the base; t i is the knot; i is the index for the knots. In order to display the characteristic reservoir behavior, the number of knots should be in the order of at least 2-6 knots per log cycle, as Ilk et al. When the value of the b is determined, the 0 order B-splines are defined as follows [25] :
Higher degree B-splines are generated recursively, as follows [24] :
where k = 1, 2, . . . is the order of the B-spline. For fixed unit productivity, the derivative of the wellbore pressure function corresponds p u , it can also be regarded as a weighted summation of 2-order B-splines:
where c i is the undetermined weight coefficient; u is the number of undetermined coefficients.
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The objective is to determine the values of ci by using the measured wellbore pressure and corresponding production rate data.
Substituting Equation (5) into Equation (1) we have:
By using the measured wellbore pressure and variable production rate data for the deconvolution, from Equation (6), we can obtain the over-determined linear system as follows [25] :
where X is the mn × u sensitivity matrix; C is the u-vector of undetermined coefficients c i ; and ∆P is the mn-vector of measured wellbore pressure drop p ini -p jk ; The elements of the sensitivity matrix are as follows:
As in Ilk et al.'s deconvolution algorithm [25] , for the over-determined linear system, the following two conditions are appended for each spline interval:
Then the over-determined linear system which incorporates the appended regularization can be written as follows:
where Xr is the kn × u matrix; kn = 2. The linear systems of Equations (11) and (12) can be solved together by the least square method [26] to determine the value of C. Eventually, according to Equation (5), the derivative of wellbore pressure p u corresponding to the constant unit production rate can be reconstructed. The log-log typical curves for well-test also need the wellbore pressure p u , which can be deduced by the integration of both sides of Equation (5), as follows:
When the value of C is determined, the transient wellbore pressure p u and derivative of wellbore pressure p u can be obtained by Equations (5) and (13), respectively; the data of transient wellbore pressure p u and its derivative p u corresponding to the constant unit production rate can be output for well-test analysis.
Well-Test Analysis System
The flow in the coalbed reservoir is quite different at different production stages. The water drainage stage is single water phase flow stage. The gas production increasing stage is gas and Water 2018, 10, 929 6 of 13 water two phase flow stage. The water phase permeability interpreted could be used to calculate the comprehensive permeability under average water saturation. When the CBM well produces gas steadily, this stage could be regarded as single-phase gas flow stage. The well-test interpretation and analysis contain these steps as shown in Figure 2 . (A) Data collecting: We should collect and analyze the production data (BHP, surface gas/water flow rate) needed by well-test deconvolution. (B) The division of production stages: water drainage stage, gas rate rising stage, steady gas production stage, gas production decline stage. (C) Data filter: One part of production data is chosen for well-test deconvolution. The criteria used for data filtering is shown as follows: (1) The monitored BHP data should be greater than 0.1 atm; (2) when the production rate does not change significantly, the daily BHP relative change should be less than 50% compared with the adjacent daily BHP. On one side the whole reorganized production data can be used for deconvolution, and on the other side we can select shorter stage data with pressure drop or build-up according to the production data. (D) Parameter fitting: According to the pressure and its derivative logistic curves, the matching reservoir model and well model are selected for well-test interpretation. (E) Parameter determination: The permeability is determined by comparing the results interpreted with whole data and part data, and the adjoining well and reservoir geological characteristic are considered. (F) Performance optimization (production limits analysis): Some parameters corresponding to performance optimization are calculated and analyzed, such as investigation radius represented the pressure drop funnel range, and pressure drawdown speed (PDS) and PDG.
The investigation radius can be calculated by Equation (14) [27].
where r is investigation radius, K is the permeability, ∆t is the duration time of each stage, C t is the comprehensive compressive parameter, φ is porosity, and u is the average fluid viscosity. In order to analyze the pressure drop status around the well, PDG is used to represent the pressure drop in the unit distance. If the PDG is quite high, that means the wellbore pressure drop is so quick that the investigation radius is also quite short, and the reservoir area influenced by pressure drop is also minimal, it is not helpful to get excellent performance.
In coal-bed methane (CBM) reservoirs, gas is mainly stored in a matrix as the adsorbed gas and the cleats are commonly saturated with water. To produce the adsorbed gas, the cleat pressure should be reduced to critical desorption pressure by dewatering first. But how to dewater more efficiently is a difficult issue. Apparently a low dewatering rate is uneconomical due to the excessive development times required. But from the field experiences, a high dewatering rate will bring more problems such as coal break, stress sensitivity and two-phase flow in earliest stage, which will reduce the productivity, or sometimes make the well abandoned. Literatures have studied much about the effect of coal break and stress sensitivity [28, 29] . However, there is no discussion about the relationship between gas performance and dewatering rate.
High dewatering rate is companied with high pressure drawdown which will cause gas desorption near wellbore area and simultaneously cause two-phase flow. Two-phase flow has a significant negative effect on pressure propagation, which controls the investigation distance or drainage area in the early stage, and therefore affects the overall productivity. Since the purpose of dewatering is to maximize the drainage area and maximize the depressurization for whole reservoir, the dewatering rate should be controlled to ensure well-bottom hole flowing pressure (BHFP) is larger than critical desorption pressure in order to avoid the occurrence of two-phase flow in the dewatering stage [30] .
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Method Validation
Taking H3-1 and H3-2 two wells in Hancheng field as examples, H3-1 used a permanent downhole pressure gauge (DPG) to measure the real-time BHP; because of frequent well shut-down in the night, there are multiple periodic pressure drop and build-up process presented in the BHP test data. For economic reasons, there is no permanent DPG installed in the bottom hole during the earlier dewatering stage of H3-2 well. Some months later, a memory DPG is installed in the bottom hole to measure the transient pressure build-up during well shut-in. As is well-known, conventional welltest normally contains a pressure drop well-test and pressure build-up well-test. To verify the improved deconvolution algorithm, we compared interpretation results between the conventional well-test (i.e., the pressure drop of H3-1 and pressure build-up of H3-2) and the deconvolution welltest presented (i.e., process the daily BHP of H3-1 and H3-2 by the improvement of deconvolution algorithm), both of these two kinds of well-test data are interpreted by the vertical well and water flow model in Saphir 4.50.
Firstly, one standard segment of H3-1 pressure drop data is chosen for conventional well-test interpretation. The pressure and its derivate double logarithmic curves, and the fitted pressure derivate curve interpreted by water flow model are shown in Figure 3 . Then, H3-1 multi-segment pressure build-up data collected in the night is used for deconvolution well-test interpretation. The pressure and its derivate processed by the improvement of the deconvolution algorithm, and the fitted pressure derivate interpreted by water flow model, are shown in Figure 4 . Finally, we compared the results obtained by the deconvolution well-test and conventional well-test methods, and the relative errors of different parameter are shown in Table 1 .
For H3-2, the measured pressure build-up of H3-2 by DPG is interpreted by conventional welltest methods. The pressure and its derivate, and the fitted pressure derivate interpreted by water flow model are shown in Figure 5 . Afterward, daily water production rate and BHP data of H3-2 well are used for deconvolution well-test interpretation. The pressure and its derivate, and the fitted pressure derivate interpreted by water flow model are shown in Figure 6 . Finally, we compared the results obtained by the deconvolution well-test and conventional well-test methods, and the relative errors of different parameter are shown in Table 1 . Generally, these two cases prove that the deconvolution well-test given in this paper is adaptable for CBM wells. 
Taking H3-1 and H3-2 two wells in Hancheng field as examples, H3-1 used a permanent down-hole pressure gauge (DPG) to measure the real-time BHP; because of frequent well shut-down in the night, there are multiple periodic pressure drop and build-up process presented in the BHP test data. For economic reasons, there is no permanent DPG installed in the bottom hole during the earlier dewatering stage of H3-2 well. Some months later, a memory DPG is installed in the bottom hole to measure the transient pressure build-up during well shut-in. As is well-known, conventional well-test normally contains a pressure drop well-test and pressure build-up well-test. To verify the improved deconvolution algorithm, we compared interpretation results between the conventional well-test (i.e., the pressure drop of H3-1 and pressure build-up of H3-2) and the deconvolution well-test presented (i.e., process the daily BHP of H3-1 and H3-2 by the improvement of deconvolution algorithm), both of these two kinds of well-test data are interpreted by the vertical well and water flow model in Saphir 4.50.
For H3-2, the measured pressure build-up of H3-2 by DPG is interpreted by conventional well-test methods. The pressure and its derivate, and the fitted pressure derivate interpreted by water flow model are shown in Figure 5 . Afterward, daily water production rate and BHP data of H3-2 well are used for deconvolution well-test interpretation. The pressure and its derivate, and the fitted pressure derivate interpreted by water flow model are shown in Figure 6 . Finally, we compared the results obtained by the deconvolution well-test and conventional well-test methods, and the relative errors of different parameter are shown in Table 1 . Generally, these two cases prove that the deconvolution well-test given in this paper is adaptable for CBM wells. The real-time BHP of H3-1 is measured by the permanent DPG, so the precise pressure drop data can be used for well-test interpretation directly, while the pressure build-up data can be processed by deconvolution algorithm for well-test interpretation. The relative errors between the pressure drop well-test and deconvolution well-test are shown in the Table 1 , and relative errors of the initial pressure (0%), permeability (1.0%), investigation radius (1.1%) are quite small. The daily BHP of H3-2 is calculated through the dynamic fluid level in the wellbore, because of no permanent DPG installed in the bottom hole. Moreover, the daily BHP data of H3-2 is processed by a deconvolution algorithm, and the deconvolution well-test interpretation result is similar with the pressure build-up test result, the relative errors of the initial pressure (0.2%) and permeability (1.1%) are quite small, but its investigation radius is much longer than pressure build-up well-test, as shown in Table 1 . Hence, the permeability and initial reservoir pressure can be interpreted by deconvolution well-test, which provides a way to analyze dewatering and gas performance.
Field Application-A Case of Hancheng Block
The Hancheng CBM field in Ordos basin main contains late Paleozoic Carboniferous-Permian coal bed, production layers are the Nos. 3, 5, 11 three coal layers, the buried depth is 400-1000 m, a single layer thickness is 1.5-10 m, formation pressure coefficient is 0.6-0.8, the gas content is 3.51-14.13 m 3 /t. Its main characteristic is low pressure, low permeability and high gas content. Up to September 2017, more than 800 CBM Wells were put into production in the field, and these wells mainly underwent the water drainage stage and gas rate rising stage, some wells have entered steady gas production stage. The production characteristics are high water rate, long dewatering stage, and the stable production stage is quite long [6] . Twenty-nine vertical CBM Wells were selected to analyze the production limits in Hancheng CBM field. Based on the single well production stages division and reorganization of production data, the comprehensive permeability of dewatering stage was deduced by deconvolution well-test, and then investigation radius and PDG were calculated for every stage. Finally, the reasonable production limits were determined by statistical analysis.
The comprehensive permeability interpreted by deconvolution of well-test in the water drainage stage can reflect the coalbed permeating flow in the early stage. As shown in Figure 7 , the steady gas rate gradually decreases with the PDS increasing in the later stage. The average pressure drop velocity of high production wells is 0.002 MPa/d, average PDS of middle production wells is 0.01 MPa/d, average PDS of low production wells is 0.017 MPa/d. Therefore, in order to help the well achieve better performance, the PVD should be controlled under 0.01 MPa/d in the first stage. That also means the WFL drop should be less than 1 m/d. As shown in Figure 8 , investigation radius decreases gradually with the increasing of PDS in the water drainage stage. When PDS is less than 0.01 MPa/d, the investigation radius will be longer than 100 m; it provides advantages for forming larger desorbing area.
MPa/d, average PDS of low production wells is 0.017 MPa/d. Therefore, in order to help the well achieve better performance, the PVD should be controlled under 0.01 MPa/d in the first stage. That also means the WFL drop should be less than 1 m/d. As shown in Figure 8 , investigation radius decreases gradually with the increasing of PDS in the water drainage stage. When PDS is less than 0.01 MPa/d, the investigation radius will be longer than 100 m; it provides advantages for forming larger desorbing area. As shown in Figure 9 , the steady gas production rate decreases in the later stages with the PDG increasing in the water drainage stage. When the PDG is less than 2.8 MPa/100 m, the steady gas rate will be higher than 1000 m 3 /d. When the PDG is less than 0.3 MPa/100 m, the steady gas rate will be higher than 3000 m 3 /d. As shown in Figure 10 , the PDG is influenced by the permeability obviously, and the investigation radius become longer with the increase of permeability, so the PDG decreases sharply. When the permeability is higher than 0.5 × 10 −3 μm 2 , the PDG can be smaller than 2.8 MPa/100 m. As shown in Figure 9 , the steady gas production rate decreases in the later stages with the PDG increasing in the water drainage stage. When the PDG is less than 2.8 MPa/100 m, the steady gas rate will be higher than 1000 m 3 /d. When the PDG is less than 0.3 MPa/100 m, the steady gas rate will be higher than 3000 m 3 /d. As shown in Figure 10 , the PDG is influenced by the permeability obviously, and the investigation radius become longer with the increase of permeability, so the PDG decreases sharply. When the permeability is higher than 0.5 × 10 −3 µm 2 , the PDG can be smaller than 2.8 MPa/100 m. As shown in Figure 9 , the steady gas production rate decreases in the later stages with the PDG increasing in the water drainage stage. When the PDG is less than 2.8 MPa/100 m, the steady gas rate will be higher than 1000 m 3 /d. When the PDG is less than 0.3 MPa/100 m, the steady gas rate will be higher than 3000 m 3 /d. As shown in Figure 10 , the PDG is influenced by the permeability obviously, and the investigation radius become longer with the increase of permeability, so the PDG decreases sharply. When the permeability is higher than 0.5 × 10 −3 μm 2 , the PDG can be smaller than 2.8 MPa/100 m. As shown in Figure 11 , the permeability has a strong linear relationship with the water rate intensity (WPI, the ratio of water rate and coal bed thickness). The WPI increases with the permeability increasing. When the permeability is higher than 0.5 × 10 −3 µm 2 , WPI will be bigger than 0.3 m 3 /m. As shown in Figure 12 , if the WPI is bigger than 0.3 m 3 /m, the wellbore's PDS will be smaller than 0.01 MPa/d, which also illustrates that the falling range of WFL should be smaller than 1m. Generally, keeping a slower water drainage rate is necessary for the first stage. As shown in Figure 11 , the permeability has a strong linear relationship with the water rate intensity (WPI, the ratio of water rate and coal bed thickness). The WPI increases with the permeability increasing. When the permeability is higher than 0.5 × 10 −3 μm 2 , WPI will be bigger than 0.3 m 3 /m. As shown in Figure 12 , if the WPI is bigger than 0.3 m 3 /m, the wellbore's PDS will be smaller than 0.01 MPa/d, which also illustrates that the falling range of WFL should be smaller than 1m. Generally, keeping a slower water drainage rate is necessary for the first stage. 
Conclusions
Due to the methane desorption and water drainage of CBM, the whole development process is divided into 4 stages: water drainage stage, gas rate rising stage, steady gas production stage and gas rate decline stage. These different production stages can also be divided by dynamic production characteristics of the CBM well. In order to optimize the performance of CBM wells in different development stages, BHP and the water rate of various stages are reorganized by a deconvolution As shown in Figure 11 , the permeability has a strong linear relationship with the water rate intensity (WPI, the ratio of water rate and coal bed thickness). The WPI increases with the permeability increasing. When the permeability is higher than 0.5 × 10 −3 μm 2 , WPI will be bigger than 0.3 m 3 /m. As shown in Figure 12 , if the WPI is bigger than 0.3 m 3 /m, the wellbore's PDS will be smaller than 0.01 MPa/d, which also illustrates that the falling range of WFL should be smaller than 1m. Generally, keeping a slower water drainage rate is necessary for the first stage. 
Due to the methane desorption and water drainage of CBM, the whole development process is divided into 4 stages: water drainage stage, gas rate rising stage, steady gas production stage and gas rate decline stage. These different production stages can also be divided by dynamic production characteristics of the CBM well. In order to optimize the performance of CBM wells in different development stages, BHP and the water rate of various stages are reorganized by a deconvolution Figure 12 . The relation between water rate intensity and PDS in water drainage stage.
Due to the methane desorption and water drainage of CBM, the whole development process is divided into 4 stages: water drainage stage, gas rate rising stage, steady gas production stage and gas rate decline stage. These different production stages can also be divided by dynamic production characteristics of the CBM well. In order to optimize the performance of CBM wells in different development stages, BHP and the water rate of various stages are reorganized by a deconvolution algorithm, and then the pressure data under unit rate is obtained to invert the comprehensive reservoir permeability. This deconvolution method can save the cost of the well-test, and avoid reservoir damage caused by frequently switching well. By comparing the interpretation results of the deconvolution test method and the conventional pressure drop/build up well-test method, the feasibility of the proposed method is verified. However, it is mainly suitable for vertical wells and is not suitable for horizontal wells. For gas-water two-phase flow and desorption, equivalent treatment is required.
The deconvolution well-test method based on dynamic production data reorganization is applied for Hancheng 29 wells. Investigation radius and pressure drawdown gradient are calculated by stage duration time, comprehensive compression coefficient and permeability. Finally, based on the statistical analysis of production data and production indices of 29 wells in Hancheng CBM field, the water drainage optimizations are determined as follows: Reservoir pressure should decrease stably, with WFL decline less than 1 m/d and PDG less than 2.8 MPa/100 m. 
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